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[57] ABSTRACT 

Signals incl udmgy>voisjgnajs^hayingffleye 

from each other-!are*tr^1m = 7ttedUq andlhe 

phase differencelbet^ee^ 

sign alsnsf measured. Transmission power control is per- 
formed so that the phase difference becomes equal to 
the difference measured in clear weather conditions. 

14 Claims, 3 Drawing Sheets 
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rainfall attenuation factor L ur is calculated from the 

TRANSMISSION POWER CONTROL METHOD followina formula 
AND APPARATUS IN SATELLITE 

COMMUNICATION Ir-fc+i*)-**,^^-^ 

BACKGROUND OF THE INVENTION ' The transmission power of the earth station is con- 

1. Field of the Invention trolled so as to compensate the up link attenuation fac- 
The present invention relates to a method and appara- tor L un to thereby maintain the input power of the 

tus for controlling the transmission power of a transmit- transponder at an optimum level. In the case that the 
ter at an optimum level. More particularly, the present 10 satellite does not transmit the beacon signal, a telemetry 

invention is concerned with a method and apparatus for signal for watching the meme can be used for to * 

controlling the transmission power of a transmitter of ing the Unk attenuation factor w 

an earth station communicating through a communica- >w „f fUa ^ M . . . u, - . 

tion satellite with another earth station in a satellite 0,16 of the ffl ost jmportant problem in transmission 
communication system so that the input power of a ™ P° w er control of the earth station is control accuracy, 
transponder mounted on the communication satellite «°" m entioned conventional methods do not pro- 
attains an optimum level in spite of a variation in the ^ ide sufficient control accuracy because of the follow- 
attenuation ratio caused by rainfall, etc. factors: 

2. Description of the Related Art 0 a variation in transmission power of a beacon trans- 
In a satellite communication system, a radio wave 20 miner mounted on the satellite, 

transmitted from an earth station through an up link is ii) a variation in a level detector for the beacon signal, 

relayed in a transponder mounted on a communication iii) a variation in a level detector for the return signal* 

satellite, and is received through a down link in another iv) a gain difference between a beacon receiver and a 

earth station. Input power of the transponder is limited rccciv er for receiving the return signal, 

£v SC ?fT r USa * T , C T C ltC n IT 164 In v ) a « ain variatio " in transponder, and . 

addition, if the input power level is too small, the power * « • „„, * . «. . 

level in the down link becomes small and the reeved J ™±T ^ * " * iTSais *? ndcT ' 
power level in the latter earth station attains a level A ™ mmzXl ™ of the" above deterioration factors 
below the system margin. Therefore, the input power of amounts t0 > for example, 4 dB. Since the degree of 
the transponder must be within an optimum range to 30 deterioration in the control accuracy is comparable to 
maintain stable satellite communication. tne ext ent of the transmission power control, satellite 
An attenuation ratio in the up link and the down link communication is often more stable unless the transmis- 
is not constant but varies because of rainfall etc. The sion power control is carried out. 
variation in the attenuation ratio is small in a lower In addition, if the beacon signal is carried on a differ- 
frequency band such as C band (up link: 6 GHz; down 35 ent polarized wave from that of the main signal, exclu- 
link: 4 GHz) and is large in a higher frequency band sive receiver equipment including a polarized wave 
such as Ku band (up link: 14 GHz; down link: 12. GHz) branching circuit, a low noise amplifier, and a fre- 
and Ka band (up link: 30 GHz; down link: 20 GHz. quency converter is required, and therefore the equip- 
Therefore, if the Ku or Ka band is utriized compensa- ment is , arge in construction compared t0 lhal f J th P £ 
tion for the rainfall attenuation in the up link, i.e. up link 40 main s j gna f 

compensation is necessary for maintaining the input inJprtnim^^^ u 4l _ A 

power of the transponder within the optimum range . In ° rder to ; m P rove said ^oncomings, the Applicant 

The up link compensation that has already been pro- h " ? ro P osed v a transmission power control method 

posed is attained by increasing the transmission power ut,hzin S non-linearity in input output characteristics of 

of the former earth station in accordance with an evalu- 45 the transponder, which is disclosed in Japanese Unex- 

ated increase of the attenuation factor, i.e., an evaluated ammed Patent Publication (Kokai) No. 3-139027. In this 

rainfall attenuation factor in the up link. method, the set point of the input power of the tran- 

The evaluation of the up link rainfall attenuation sponder is set to a value near the saturation level. Trans- 
factor is performed by measuring received levels of a mission signals having two different levels are transmit- 
signal returned from the satellite and received levels of 50 ted to the satellite and transmission power is controlled 
a beacon signal in rainy weather conditions and in clear so that a level difference in received return signals be- 
weather conditions. The beacon signal is usually trans- comes equal to a predetermined value. When the input 
mitted from the satellite at a frequency at the edge of a power of the transponder decreases because of rainfall 
frequency band of the down link or in a different polar- attenuation; the level difference in the received return 
ized wave from that of the main signals. 55 signals becomes large because the input power of the 

The rainfall attenuation factor in the up link and the transponder falls below the saturation level. Thus, stabi- 

h W ? re T C i **?JF rep ? e n en !f d a$ Lur K**™ °f the input power of the transponder is attained 

and Ur [dB], respectively, and the rainfall attenuation b controlling t £ e transmission power so that the level 

factor in the down link in the beacon signal is repre- -5. * , L F , c * CVCI 

sented as A summation of the rainfall attenuation 60 dlfferenc f » *c return signals becomes equal to a value 

factors U,+Ur is determined by measuring levels of measured in clear weather conditions, 

received return signals in clear weather conditions and However, m the aforementioned method, since the 

in rainy weather conditions and by calculating the dif- set P oint of the m P ut P ower of th e transponder is set to 

ference between the two levels. The rainfall attenuation a value near the saturation level, a problem exists in that 

factor Ldb is determined by measuring levels of received 65 lar S e intermodulation distortion occurs. Furthermore, 

beacon signals in clear weather conditions and in rainy smce a momentary power larger than a steady-state 

weather conditions and by calculating the difference power is transmitted, it is difficult to realize said method 

between the two levels. Assuming L</ r ~ l*db> the up link because of legal restrictions. 
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SUMMARY OF THE INVENTION ""J"" even in ,he range where the curve A is satu ' 

It is an object of the present invention to provide a FIG. 2 is a graph showing characteristics of a phase 

method and apparatus for realizing accurate and stable difference between output signals when two signals 

control of transmission power. 5 having a level difference of 5 dB are input to the power 

In accordance with the present invention there is amplifier. Referring to FIG. 2, it is realized that, if a set 

provided a method of controlling the transmission value of the input power is below — 25 dBm, a variation 

power of a transmitter for communicating through a in the input power can be detected from a variation in 

satellite in order to stabilize a received power of the the phase difference between two output signals. For 

satellite comprising the steps of: 10 example, in the case where the set input power is -30 

generating a first signal and a second signal having a dBm » the in P u t power is surely —30 dBm if the ob- 

level different than the level of the first signal; served phase difference is about 3.7°. When the input 

transmitting the first and the second signals from the power becomes -32 dBm because of rainfall, the ob- 

transmitter to the satellite; served phase difference becomes 2.5*. Thus, by control - 

receiving return signals of the first and the second 15 tnc transmission power so that the phase difference 

signals from the satellite; becomes 3.7", the input power of the transponder is 

measuring a phase difference between the return sig- controlled to the set value of -30 dBm. 

nals of the first and the second signals; and FIG * 3 is a block diagram showing the construction 

controlling the transmission power so that the phase of an station according to an embodiment of the 

difference becomes equal to a predetermined value. 20 P resent lnve ntion. In the earth station 10 of FIG. 3, 

In accordance with the present invention there is also transmission power is controlled according to the above 

provided an apparatus for controlling the transmission P™™?* so that input power of a transponder 12 

power of a transmitter for communicating through a turned on a communication satellite 14 attains an 

satellite in order to stabilize a receive power of the „ ^'T™ , I 

satellite comprising- 25 In FIG * 3t a burst sl 8 naI generator 16 constructs burst 

means for generating a first signal and a second signal sig " a,s continuous digital data by compressing the 

having a level different than the level of the first c ° ntinuous d<giuJ data and by appending preambles to 

signal the compressed data. The burst signal generated in the 

means for transmitting the first and the second signals w ^JT* Z™™* l*!* m ^" lated J? a »°*d«or 

to thP wrpllitp. 30 18 ' ^cording to a predetermined modulation method 

min?for Sving return signals of the firs, and the J^ffiS Kto^h ^ ^ 

second signals from the satellite; ' JZll ,TI ,,™f t™^" ? * V8r " 

means for measuring a phase difference between the S a V Sm * 

i .1. r * j .u j • i signal output irom the transmitter 24 is transmitted 

return S1 gnals of the first and the second signals; 35 through a Suplexer 26 and antenna 28 t0 thc communi . 

, . tv .u . u cation satellite 14. A return signal received in the an- 

means for controlling the transrmsston power so that tenna n is { th h the *^ ^ 

the phase difference becomes equal to a predeter- 30 . An ompm signa , of the receivfir 3Q in fl intermediale 

mined value., frequency is demodulated in a demodulator 32. The 

BRIEF DESCRIPTIONS OF THE DRAWINGS 40 0Ut P ut si S nal of the receiver 30 is also fed to one input 

« . , . . . , of a phase comparator 34, and the output signal delayed 

FIG. 1 is a graph showing input output character*- in a dda unit 36 is fed t0 the other ? * f ^ y 

tics of a power amplifier using a travelling wave tube; comparator 34. The phase comparator 34 compares a 

FIG. 2 is a graph showing characteristics of a phase phase of the received relurn si , with the . 

difference of output signals when two signals having. 45 return signal and out ts a si , correS p 0nd i n g t0 a 

different levels are input to the power amplifier; phase difference between the two signals during periods 

FIG. 3 is a block diagram showing the construction according to a timing signal. A controller 38 controls 

of an earth station according to an embodiment of the thc variab i c attenuator 22 so that the phase difference 

pr t S fHl ,nventl0n i and . . . 0Ut P ut from the P hasc comparator 34 becomes equal to 
FIGS. 4A to 4C are diagrams showing several exam- 5 0 a predetermined value. The predetermined value may 
pies of transmission signals according to the present be a value measured in clear weather conditions. A 
invention. timing generator 40 generates timing signals for the 
DESCRIPTION OF THE PREFERRED burst signal g enerat <" 16, the phase comparator 34 and 
EMBODIMENTS a two * level generator 42 based on a reference signal. 
t , , . 55 The two-level generator 42 generates a two-level signal 
FIG. 1 is a graph showing input output characteris- that is fed to another input of the multiplier 20 
tics of a power amplifier using a travelling wave tube A burst signal in TDMA (Time Division Multiple 
that is usually used in a transponder mounted on a com- Access) includes a carrier recovery sequence (CR). a bit 
munication satellite. The curve A represents character- timing recovery sequence (BTR) and a data sequence 
istics of an output power in relation to an input power 60 (DATA). Since the CR part does not contain modula- 
and the carve B represents characteristics of a phase of tion components, the CR part is sufficient to use for 
an output signal in relation to the input power. The detection of the phase difference. Thus, the two levels 
curve A shows characteristics wherein the output of the transmission signal are given to the CR part in the 
power increases and the increase of the output power is multiplier 20 of FIG. 3. Delay time of the delay unit 36 
gradually saturated as the input power increases. On the 65 is set to a time difference between two sections pro- 
other hand, the curve B shows characteristics wherein vided with different levels, and the phase comparator 34 
the phase of the output signa] gradually increases as the outputs the phase difference during periods correspond- 
input power increases and the increase of the phase ing to these sections. 
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FIGS. 4A to 4C show three examples of the transmis- 
sion signal according to the present invention. In the 
example of FIG. 4A, a burst signal including a CR part 
having a low level, i.e., a low level signal (LS) and a 
burst signal including a CR part having a high level, i.e., 5 
a high level signal (HS) are alternately transmitted. The 
delay time of the delay unit 36 (FIG. 3) is set to a time 
difference between adjacent burst signals. The phase 
comparator 34 outputs the phase difference while the 
CR part is fed to the phase comparator 34. 10 

In the example of FIG. 4B, a high level is provided to 
the first half of the CR part and a low level is provided 
to the second half of the CR part. In the example of 
FIG. 4C, pilot signals are inserted into guard time peri- 
ods between main signals, and a high level and low level 15 
are provided to the first and second half of the pilot 
signals, respectively. 

The present invention is not limited to the aforemen- 
tioned embodiment, and various modifications are pos- 
sible. For example, the transmission power control is 20 
performed not only by controlling the variable attenua- 
tor but also by directly controlling the transmission 
power amplifier. In addition, the generation of the two 
levels and the detection of the phase difference in the 
return signal are possible in any timing other than the 25 
carrier recovery sequence CR and the pilot signal as 
long as the main signal is not affected. 

I claim: 

1. A method of controlling the transmission power of 

a transmitter for communicating through, a satellite in 30 
order to stabilize a received power of the satellite, com- 
prising the steps of: 

generating a first signal having a first power level and 
a second signal having a second power level differ- 
ent than said first power level of said first signal; 35 

transmitting said first signal and said second signal 
from said transmitter to said satellite; 

receiving return signals of said first signal and said 
second signal from said satellite; 

measuring a phase difference between said return 40 
signals of said first signal and said second signal 
from said satellite; and 

controlling said transmission power so that said phase 
difference becomes equal to a predetermined value. 

2. A method as claimed in claim 1, wherein the first 45 
signal is transmitted in a period different from a period 
when the second signal is transmitted in the transmitting 
step, and the measuring step comprises the substeps of: 

delaying received return signals for delay time corre- 
sponding to a time difference between the first and 50 
the second signals; and 

comparing received return signals with the delayed 
signals. 

3. A method as claimed in claim 2, wherein the trans- 
mitter transmits burst signals each including a carrier 55 
recovery sequence, and the transmitter alternately 
transmits a burst signal including a carrier recovery 
sequence having a first level as the first signal and a 
burst signal including a carrier recovery sequence hav- 
ing a second level different from the first level as the 60 
second signal. 

4. A method as claimed in claim 2, wherein the trans- 
mitter transmits burst signals each including a carrier 
recovery sequence, first half of which has a first level as 
the first signal and second half of which has a second 65 
level different from the first level as the second signal. 

5. A method. as claimed in claim 2, wherein the trans- 
mitter transmits burst signals and pilot signals between 
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the burst signals, and the pilot signals include the firsi 
and the second signals. 

6. An apparatus for controlling the transmission 
power of a transmitter for communicating through a 
satellite in order to stabilize a received power of the 
satellite, comprising; 

means for generating a first signal having a first 
power level and a second signal having a second 
power level different than said first power level of 
said first signal; 
means for transmitting said first signal and said sec- 
ond signal from said transmitter to said satellite; 
means for receiving return signals of said first signal 

and said second signal from said satellite; 
means for measuring a phase difference between said 
return signals of said first signal and said second 
signal; and 

means for controlling said transmission power so that 
said phase difference becomes equal to a predeter- 
mined value. 

7. An apparatus as claimed in claim 6, wherein the. 
first signal is transmitted in a period different from a 
period when the second signal is transmitted by the 
transmitting means, and the measuring means com- 
prises: 

means for delaying received return signals for delay 
time corresponding to a time difference between 
the first and the second signals; and 
means for comparing received return signals with the 
delayed signals. 

8. An apparatus as claimed in claim 7, wherein the 
transmitting means transmits burst signals each includ- 
ing a carrier recovery sequence, and the transmitting 
means alternately transmits a burst signal including a 
carrier recovery sequence having a first level as the first 
signal and a burst signal including a carrier recovery 
sequence having a second level different from the first 
level as the second signal. 

9. An apparatus as claimed in claim 7, wherein the 
transmitting means transmits burst signals each includ- 
ing a carrier recovery sequence, first half of which has 
a first level as the first signal and second half of which 
has a second level different from the first level as the 
second signal. 

10. An apparatus as claimed in claim 7, wherein the 
transmitting means transmits burst signals and pilot 
signals between the burst signals, and the pilot signals 
include the first and the second signals. 

11. A method of controlling transmission power of a 
transmitter for communicating through a satellite in 
order to stabilize a received power of the satellite, com- 
prising the steps of: 

generating a first signal having a first power level and 
a second signal having a second power level differ- 
ent than said first power level of said first signal; 
providing a variable attenuator for controlling a 
power level of said first and second signals prior to 
transmission to said satellite; 
transmitting said first signal and said second signal 

from said transmitter to said satellite; 
receiving return signals of said first and said second 

signals from said satellite; 
measuring a phase difference between the return sig- 
nals of said first and said second. signals from said 
satellite; and 

using said phase difference for controlling said vari- 
able attenuator to vary power of signals transmit- 
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ted to the satellite, so that said phase difference 
becomes equal to a predetermined value. 

12. A method as claimed in claim 11, further compris- 
ing providing a delay means for delaying said second 
signal; and 5 

between the steps of receiving the return signals of 
said first and said second signals from said satellite 
and measuring the phase difference between the 
return signals of said first and said second signals, 
using said delay means for delaying said second 10 
signal. 

13. An apparatus for controlling the transmission 
power of a transmitter for communicating through a 
satellite in order to stabilize a received power of the 
satellite, comprising: 15 

signal generator means for generating a first signal 
having a first power level and a second signal hav- 
ing a second power level different than said first 
power level of said first signal, said signal genera- 
tor means including a controller and a variable 20 
attenuator receiving an output signal from said 
controller for controlling a power level of said first 
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and second signals prior to transmission to said 
satellite; 

. means for transmitting said first signal and said sec- 
ond signal from said transmitter to said satellite; 
receiver means for receiving return signals of said 
first signal and said second signal from said satel- 
lite; and 

phase difference means for measuring a phase differ- 
ence between said return signals of said first signal 
and said second signal, said phase difference means 
supplying an output signal; 
wherein said phase difference means supplies an output 
signal to said controller, for controlling said transmis- 
sion power in response to said phase difference, so that 
said phase difference becomes equal to a predetermined 
value. 

14. An apparatus as claimed in claim 13, further com- 
prising a delay means connected between said receiver 
means and said phase difference means, for delaying 
said second signal, 
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